Epilepsy is a common neurological condition with significant resource implications. An estimation was performed in France of the direct medical cost of patients presented with newly diagnosed seizures and followed during the first two years after diagnosis. This estimation was based on the service utilization data collected from French prospective cohort study (CAROLE: 1942 patients enrolled). Costs were estimated in a societal perspective in 1998 value. The impact on the costs of different factors like age, aetiologic categorization and severity of seizures (type and number of seizures), and treatment by anti-epileptic drugs (AEDs) was analysed. The mean annual direct epilepsy-related costs per patient were estimated to be 14 305 F and 3766 F for the first and the second year of follow-up respectively, 68% and 40% of the costs were devoted to inpatient care. Costs during the first year were highly sensitive to aetiologic categorization of seizures at inclusion and to other clinical parameters. Secondyear costs had a much lower variance and were sensitive to frequency of seizures and the fact of being treated or not by AEDs. Our data emphasize the importance of seizure control as means of reducing the costs of epilepsy especially during the first year of follow-up.
INTRODUCTION
Epilepsy is an important public health problem because of its burden on individuals and society in terms of morbidity, direct and indirect costs. Epileptic seizures are common events. According to epidemiological surveys performed in industrialized countries, the prevalence of epilepsy is estimated to be approximately 5-8 per 1000 with an incidence of approximately 50-100 per 100 000 per year 1 . The medical and social care of this disorder entails large costs related to hospitalization, diagnostic procedures, drugs and social assistance 2, 3 . It is generally accepted that the direct medical costs of diagnosed epilepsy are very dependent on the time period considered after diagnosis 4, 5 . The first year integrates all costs related to diagnosis for all incident epileptic cases, whereas in the subsequent years a large proportion of patients will never experience any relapse, thus reducing the mean costs. Large differences then depend on the prognostic groups of patients 5 .
The cost of epilepsy has been rarely estimated on the basis of direct observations of real medical consumption on large samples of patients because of the scarcity of large population studies in this area 4, 6, 7 . It was then an interesting opportunity to derive such cost estimates from a cohort study of epileptic patients followed for 2 years after initial diagnosis. This French cohort study named CAROLE (Active Coordination of the Longitudinal Observational Network in Epilepsy) was characterized by a large sample size and the collection of very detailed clinical parameters on the enrolled patients that allowed an analysis of the main possible factors of variation. However, the variables available to describe non-medical direct costs and indirect costs were considered inadequate to permit any reliable estimation despite the fact that indirect costs represent a major part of the societal burden of epilepsy 2, 5, 8 . Neither was any quality-of-life questionnaire collected 9, 10 . Therefore, the results presented here are restricted to direct medical costs.
MATERIALS AND METHOD

Study population
The CAROLE study is a prospective, observational, and naturalistic survey of patients with newly diagnosed unprovoked seizures, enrolled by volunteer specialists in neurology and neuropediatry throughout France. Participating specialists (N = 243) were asked to enroll all consecutive different patients seen in their current public and/or liberal practice from 1 May, 1995 until 30 June, 1996. One thousand nine hundred forty two patients could be enrolled and followed up for 2 years. The cohort included men and women aged more than 1 month, presenting with a newly diagnosed unprovoked seizure. The only exclusion criteria concerned the patients' inability to participate in a long-term follow-up for social reasons.
Data collection
Data was collected and recorded on standard case report forms at inclusion (baseline) and at each patient's follow-up visit for a minimum of 2 years. Being designed as a purely observational and naturalistic survey, the follow-up was to interfere as little as possible with the patient's usual care. In particular, no attempt has been made in the present analysis of the data to perform a critical review of diagnosis and care 11 . Consequently, no specific visit or procedure was planned in the study protocol and hence we considered that there were no protocol-induced costs. In case of no visit occurring on a 6-month period, investigators were only asked to have an informal contact with the patient (or his GP) to collect minimal information about his current clinical status. All documents were checked in real time by the medical monitor. Anonymity of patients was strictly maintained.
At inclusion, data collected addressed the description of the first diagnosed seizure (index seizure) in terms of circumstances, duration and type, and possible history of other seizures. General characteristics on health, clinical examination, procedures, drug therapy, other use of medical services, hospitalizations, and socioeconomic status of the patients (or their relatives for the younger patients), diagnostic conclusions and therapeutic decisions were also recorded. At each follow-up visit, physicians were asked to collect information about the recurrent seizure(s), use of medical services, and modification of socioeconomic status since the last contact. They also had to record results of recent diagnostic procedures, to re-evaluate their diagnosis, and to describe current treatments (drug compliance, side effects, etc.).
Direct costs estimation
The general approach used here is a so-called 'incidence-based' cost analysis restricted to a 2-year follow-up period after diagnosis 5 . This approach is based on a longitudinal analysis of individuals taking into account the temporal aspects of epilepsy. This method is an alternative to cross-sectional approaches based on observation of samples of patients present in a population at all stages of evolution of the disease.
Direct medical costs included all epilepsy-related items of medical consumption, i.e. physicians' visits, hospitalizations, diagnostic investigations, laboratory tests, and antiepileptic drugs. Non-medical costs (transportation costs, residential care and unpaid care or services provided by patients relatives) were not documented in our study.
Costs were estimated for each patient, using the items provided in the case report forms in combination with unit cost determined from external sources. No database belonging to National Sickness Funds or other third-party payers was used to estimate individual costs. A societal perspective was chosen, meaning that all costs either reimbursed by the public Sickness Funds and/or private insurance or patient's out-ofpocket expenses were included. Costs of drugs were calculated on the basis of the current prices used in France. They are restricted to outpatient consumption. It may be noticed that in France all drugs prescribed for outpatient care have a regulatory national price resulting from an agreement with Health Authorities. These prices are listed in the VIDAL 98. Costs are then calculated by using these unit prices, dose and duration of prescriptions.
All items of medical consumption used for inpatient care were valued globally by multiplying a daily cost per category of ward by the corresponding length of stay.
Main unit costs used and their sources are summarized in Table 1 . Concerning outpatient care, unit costs are based on reimbursement rates currently in use in France. All costs have been converted to French Francs 1998 based on evolution rates of health expenditures. Finally, direct medical costs were calculated as the sum of all costs described here above for each patient on a per annum basis (i.e. year 1 and year 2 after diagnosis).
Statistical methods
Patients were shared according to age group (less than 16 years, 16-60 years and over 60 years), aetiologic categorization at inclusion (idiopathic, cryptogenic, symptomatic) and seizure severity after 1-year follow-up (mean number of seizures per month). Since cost variables were not normally distributed, we used the non-parametric test for global cost differences across patient categories (Kruskall-Wallis) and, in case of significance, Mann-Whitney tests were used for category-by-category comparisons. Finally, a multivariate model of analysis of variance was used in order to quantify the individual contribution of each clinical factor according to a descending hierarchical approach. This method allows analysis of the relationships between the annual direct costs considered as a quantitative variable and a series of clinical and demographic explanatory variables described in categories (2 or 3 modalities). The analysis was performed in using the PROC/GLM from SAS 12 .
RESULTS
The CAROLE cohort
The main characteristics of the cohort are presented in Table 2 to allow comparison with other available epidemiological data 4, 5 . The cumulative length of follow-up was 3220 patient years. Of 1942 patients initially enrolled, 1756 (90.4%) and 1464 patients (75.4%) respectively had a 1-and 2-year followup with a fully documented medical consumption. The mean values presented below were calculated for the first year on patients with at least a fully documented 1-year follow-up period. The same principle was applied for the second year. The younger age group (1 month to 15 years) represented 40.8% of the cohort and the older group (over 60 years) 9.7%. The percentage of the adult population at work was 76.2%. Table 3 presents the rates of utilization for different services, procedures and treatment related to epileptic seizures. The bottom line takes into account at least one of the whole set of medical items. For the first year, the result is of course 100% due to the design of the study, but decreases to 87-90% on the second year, meaning that 10-13% of patients had no medical consumption in relation with epilepsy in the second year of follow-up. Concerning inpatient care, the percentage applies to any hospital stay, whatever its duration, including day hospitalizations. Concerning the utilization rates of diagnostic procedures, the figures presented in Table 3 apply only to those performed in out-patient care. The perspective was here to estimate costs and not to fully describe the medical management of these patients. This aspect will be described in an upcoming publication. The percentage of patients in each age group treated by at least one AED was calculated whatever the duration of treatment during the year considered. No minimum duration was used as a threshold.
Health care management
Annual direct medical cost of epilepsy
The results on annual direct costs of patients with newly diagnosed seizures are presented in two steps in order to avoid any misinterpretation of the data. In Table 4 , the mean annual costs per patient in each age group having used the corresponding item of medical care are displayed. For example, the mean cost of inpatient care is 11 335FF (1FF = 0.15 = 0.17US$) during the first year of follow-up for a patient 16-60 of age, who has been hospitalized. Table 3 shows that the corresponding mean length of stay was 5 days and that only 66% of patients were concerned. Table 5 supplies the corresponding costs calculated on the whole population in each age group, whether hospitalized or not. This last value is used for global estimates of mean costs.
The results suggest that direct medical costs for these patients are depending on the age group. But, these differences are only statistically significant for the first year of follow-up (P = 0.0001) and this is true only for the older age group (over 60 years) as compared with the two others. The most significant contributor to the total cost was inpatient care regardless of age. It accounted for 68% in the first year of follow-up and for 40%, i.e. at a same proportion as AEDs, in the second year.
Direct costs according to clinical factors
The preceding results were disaggregated according to the main clinical parameters available in the CAROLE study. These clinical criteria were defined as following:
• 'Etiologic categorization': of patients at inclusion according to the ILAE recommendations (idiopathic, cryptogenic and symptomatic) 13 ;
• 'Seizures pattern': this item concerned the seizures experienced by the patient at the time of diagnosis (index seizure) or the history of seizures having occurred previously, if any. Three categories were used:
'single': this category concerns the patients presenting with only a single seizure at the time of diagnosis (one seizure at the time of inclusion);
'multiple': this category concerns the patients with an history of undiagnosed seizure(s) before diagnosis whatever the time elapsed until the index seizure;
'inaugural status epilepticus': in this last category, we included also the cases of inaugural multiple seizures (cluster of seizures) having occurred in a single 24-h interval.
• 'Seizure frequency at 1 year' 14 . It was estimated as a monthly mean calculated over a 6-month period about 1 year after diagnosis. The distribution of this frequency is very skewed and we chose to put a cut-off value at 30 in the analysis among those presenting with an active epilepsy.
• 'Treatment by AEDs'. It was considered for each year of follow-up separately and used here as a dichotomous variable. As mentioned earlier, no minimum treatment duration was used to categorize a patient as being treated.
The results presented in Table 6 are ranked for each parameter in ascending order in terms of mean costs for the first year of follow-up. In each variable, the global differences in costs per category appeared statistically significant (P < 0.0001). However, the differences in costs for the second year were not significant in two cases: when comparing cryptogenic vs. idiopathic seizures, and 'multiple' seizures vs. 'inaugural status epilepticus'. It may be noticed that the initial characteristics of seizures (aside from the etiologic class) do not modify significantly the second year of follow-up costs.
The interpretation of these last results was, however, made difficult due to the existing correlations among all parameters. For this reason, a multivariate model of variance was used, the results of which are presented in Table 7 .
A reference subgroup of patients was defined as presenting with the less-severe condition among the largest age group. It was comprised of adults, with a single cryptogenic seizure at diagnosis followed by no recurrent seizure at 1-year follow-up and who were never treated by AEDs. The mean annual cost in this subgroup for the first year of follow-up was found to be 7664F (value of the intercept coefficient).
The model provides parameter estimates that may be interpreted as the extra cost contributions to this baseline value associated with the category considered, all other parameters being controlled. The P-values in the second column of Table 7 indicate the statistical significance of each variable in the model (difference from zero).
The results are presented in Table 7 . In summary, being in one among the following categories respectively, brings an extra cost in the order of magnitude of 4000-5000FF: either being younger or older (under 15 or over 60 years of age), or having an active epilepsy (with a number of seizures at 1 year of less than 30 per month) or being treated by AEDs. Conversely, a patient presenting with idiopathic seizures decreases the baseline cost by 5310F. On the other hand, a patient presenting with symptomatic seizures or suffering more than 30 seizures per month at 1 year, contributed much more to the baseline cost (9045F and 28 936F, respectively). The first-year period costs appeared highly sensitive to all clinical parameters considered, but with different contributions. These could be sorted in descending order: (1) aetiologic categorization at inclusion (idiopathic, cryptogenic, symptomatic); (2) number of seizures at 1 year; (3) age group (15-60, under 15, over 60 years); (4) pattern of seizure ('single', 'multiple', 'inaugural status epilepticus'); (5) being treated or not by AEDs. Conversely, the second-year costs had a much lower variance and were only sensitive to two characteristics of the patients: the disease severity (number of seizures) at one year and the fact of being treated or not by AEDs.
DISCUSSION
The mean annual direct medical epilepsy-related costs per patient were estimated 14 305F and 3766F for the first and the second year of follow-up, respectively, with inpatient care services accounting for 68% and 40% of the total mean annual direct costs (see Table 5 ). This estimation was based on the service utilization data collected in a cohort study in which 1942 patients were enrolled. Costs were estimated in a societal perspective in 1998 value.
It is difficult to compare these results with similar published values due to the differences in perspective and methodology among studies. Concerning French data, we have not found any comparable results in the literature.
Another study which provided direct costs for the period after diagnosis was performed in the UK and based on the NGPSE 4 . Our results were much higher: £611 (about 6110FF) vs. 14 305FF for the mean direct costs for the first year of follow-up, that is more than two times higher. The ratio between the costs of the first and the subsequent years are, however, similar (36.2% vs. 30% in our study) and also the share of costs devoted to AEDs out of the total direct costs (12% and 8% for the CAROLE study in the first year).
It would be interesting to know if this difference was due to discrepancies in terms of unit costs or medical resource consumption. It was difficult to fully answer this question in absence of detailed unit cost data and direct observations on real utilization rates in the UK study. It is probable that both aspects play a role. It is unclear whether the UK study included all diagnostic procedures performed at the moment of enrolment as the French study did. The hospitalization rate was thus 11% in UK as compared with 65% in France with an average length of stay of 4.5 and 6 days respectively. But most hospitalizations in France were caused in the first year by the index seizure(s) care and associated work-up. The referrals to neurologists are also probably very different between the two countries due to the large differences in the number of these specialists. Another explanation may be related to the distribution by age of our population of newly diagnosed patients. As compared with other epidemiological data in the literature 4, 5 it appears that the CAROLE sample is probably under-represented in the over 60 years age group. The proportion of these patients was around 10% here while it represented 24% in UK 4 and 33% in the US 5 . However, correcting for this potential bias will yield an increase in the mean costs in France.
CONCLUSIONS
Our data emphasize the importance of seizure control as a means of reducing the costs of epilepsy, especially during the first year of follow-up.
ACKNOWLEDGEMENT
This study was supported in part by an unrestricted grant by Parke-Davis France.
